
We use multivariate analysis techniques 
[3] to clean the           combination.
A BDT classifier with 20 variables  takes 
into account the most important 
characteristics of the final particles to 
improve the quality of the       signal.
To train the BDT, we use
MC events from                              decays  
as signal and wrong–sign combinations 
as background.
Due to their similar decay topologies, 
we investigate the possibility of assign 
a K   mass to an actual    track –which 
would give a X  instead of   ,– and 
r e m o v e t h o s e e v e n t s w h i c h 
consistently produce a   X .

Fig. 7. Ladder Positions on the Active Bulkhead

bulkhead to 25.4µm. This establishes a maximum ladder slope at the active
bulkhead of 25.4/9525=0.00267. Assuming this slope, perfect alignment of2

the active and passive bulkheads, and the appropriate elastic properties of a
ladder, implies about 53µm maximum radial deflection of the ladder from a4

straight line.

Ladders were positioned laterally with the aid of posts on the active and6

passive bulkheads which extend from the bulkhead mounting surfaces and en-
gage notches in the ladder beryllium. Only the beryllium piece closest to the8

bulkhead mounting surface and the edges of the posts closest to the ladder
centerline were used for this purpose. Clearances between notches in the beryl-10

lium piece of the ladder and the posts were chosen so that ladders could be
placed on each bulkhead with a transverse accuracy of ±6.35µm. Malleable12

pins through holes in the posts hold the ladder in place. In addition, the out-
ermost layer ladders were glued in place to provide a rigid coupling between14

11
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VI. Final Combination VII. Result [5]
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Run 203929. Event 22881065.

µ+µ−
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Λ

p
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The final combination with all selection 
criteria, was made first taking various 
samples where we don’t expect to find 
any signal  like wrong–sign, sidebands 
and MC from b–decays with similar 
topologies; to test for an “artificial 
production” due to the method. As 
expected, we don’t see any signal 
where it is not supposed to be.
In the correct combination, we see an 
excess of events. We report the fit to 
this

We look for the following        decay 
mode:

with

and

Its topology is depicted on this  
figure.
We took some initial information 
f rom both , theor y and the 
accumulated experience from the 
analysis which led to the first 
observation  of  the                     in  
summer
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The family of particles 
made of three quarks 
is known as baryons.

b–Baryons are those 
containing at least 
one b quark.

In this case we look at
the ones having a total
angular momentum J equal to ½.

This analysis was performed 
with 1.349 fb–1 of data collected 
in        collisions at
with the DØ detector [1], at the 
Fermilab Tevatron Collider.

These data was reprocessed 
with an extended tracking 
reconstruction code to increase 
jdjthe identification efficiency of long–lived particles such as the 

dummy

DØ RunIIa
1.3 fb–1

April 19
2002

June 13
2006

Long–lived
Particles
Certified

the summer of 2007 by DØ [2], which have a similar decay chain.

mmm

With the information from the central 
tracking system and the calorimeter, 
we select two opposite–charge 
muons coming from a common 
vertex.
The   reconstructed      interaction 
point is the one we take as the 
production vertex for the        .

Once we have selected         , we look 
for two opposite–charge tracks with a 
common vertex to form a      We apply 
some restrictions to these tracks and 
the vertex in order to reduce the a 
background as much as we can. The 
track with the higher   pT,  is assumed 
to

s

Resulting LL’s are combined with an extra track, which is 
assumed to be a      .
Depending on the charge of the      , we define two separate sets:

✓Right
Sign

Wrong

Sign

U s i n g t h e 
wrong–sing we 
find an optimum 
cut in the LL 
p ro p e r d e c ay 
l e n g t h 
significance that 
a

to be the proton as we confirm from MC studies.

allows us to clean the signal without the direct use of the right–
sign candidates.

After removing possible X– events, is 
evident that only the correct–sign 
combination shows an excess in the 
number of          candidates.
As in the X–b analysis [2], the mass 
definition for the resulting candidates, 
combines constructed and reported[3]  
masses   for   the               and   their 
combination. Applied to MC events, we 
reproducreproduce the input mass used at generation level. We also see 
an improvement in the MC mass resolution. The mass is:

II. Data

M’s are reconstructed while        are reported in [3].

Control Sample Combinations.

Observed signal.

DØ, 1.3 fb–1

we also tried various 
other hypothesis 
about signal and 
background shapes.
Our main source of 
s ys te m at i c e r ro r 
co m e s f ro m t h e 
v a r i a t i o n i n t h e 
selection criteria.
Finally, we use the 
l o g a r i t h m i c 
likelihood ratio:

this histogram with a Gaussian signal plus a flat background, but 

The figure shows one of the events we found 
consistent where we have identified clearly each 
one of the final particles as well as the 
reconstructed intermediate states.
The cross section of the central tracking has been 
superimposed.
The red points correspond to the Silicon Microstrip 
Tracker (SMT), in blue those belonging to the 
Central Fiber Tracker (CFT) and in green we have 
identified the hits used to reconstruct the specific 
tracks.

to determine the significance of 
the signal.
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Observation of the doubly strange b–baryonΩ−
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Fermilab Tevatron Collider

Currently the highest energy particle collider  is the 
circular accelerator at the Fermi National 
Accelerator Laboratory in Batavia, Illinois –thirty 
miles west Chicago–, its short name is Tevatron.
Produces collisions between protons and anti–
protons crossing paths in two detectors: DØ and 
CDF.
Here, the particles accelerated at 980 GeV in 
opposite direction, collide at 1.96 TeV.
Some important discoveries have been made at 
Fermilab: the bottom quark in 1997 and the top 
quark in 1995 being probably the most important.
Recently,  two  b–baryons:       and      , were  first 
observed with the DØ detector. These are  
particularly important, the CINVESTAV Group at 
DØ have a key role in the discovery of these 
particles.
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Using 1.3 fb–1 of data collected with the DØ detector from PPa 
collisions at                        ,  at the Fermilab Tevatron Collider, we 
find              events following the decay 
chain
We  obtain  a  mass   of
with a significance of       . All other hypothesis used to model 
signal and background also give a significance above           .
The probability of the signal coming from a fluctuation in the 
background is                      .
This is the first experimental evidence of the        in this particular 
decay channel. The observation was done with the significant 
contribution from the CINVESTAV Group at the DØ Experiment.
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